Abstract. Although >60% of oral cancer cases are not related to human papillomavirus (HPV) infection, most studies of oral carcinogenesis in human cells in vitro are carried out with human oral keratinocytes immortalized by HPV DNA. To explore whether human oral keratinocytes can spontaneously transform without HPV infection, we attempted to establish spontaneously immortalized and tumorigenic-transformed human oral keratinocytes by serial subculture to the post-mitotic stage. Here we report two spontaneously transformed human oral keratinocyte lines from adult human gingival samples. These lines were obviously immortal (>140 passages) and transformed phenotypes in vitro. One of the lines, Spi-HOK1, remained nontumorigenic in nude mice, whereas the other line, Spt-HOK80, showed tumorigenicity. These lines showed epithelial originality, but did not contain high-risk types of HPV DNAs. On karyotyping, Spi-HOK1 was aneuploid with a unique stable marker chromosome. Both cell lines revealed a mutation in the p53 gene, loss of p21 WAF1/Cip1 and overexpression of p-RbSer807/811. These cell lines were resistant to cisplatininduced apoptosis by suppressing induction of apoptotic proteins. These results clearly demonstrate that spontaneous immortalization and spontaneous tumorigenic transformation of primary human oral keratinocytes can occur in vitro without HPV infection and are associated with chromosomal alterations, p53 mutation and impaired apoptosis. To our knowledge, this is the first report demonstrating that the Spi-HOK1 and Spt-HOK80 lines are novel cell lines that are spontaneously transformed from primary human oral keratinocytes.
Introduction
Oral cancer is the 8th and 13th most common cancer worldwide for males and females, respectively (1) . Oral squamous cell carcinoma (OSCC) is the most common malignant neoplasm of the oral cavity and accounts for >90% of intraoral malignant tumors. Epidemiological data strongly link smoking and alcohol consumption to the development of this malignancy (2) . There is also evidence that a subset of OSCCs is associated with infection by oncogenic human papillomavirus (HPV); a recent study identified HPV iñ 40% of cases (3) . Nutritional deficiencies and dietary customs have also been implicated in the etiology of oral cancer (4, 5) . Endogenous factors such as body heat and free radicals are also responsible for cellular DNA damage (6) .
Although the etiological factors for oral cancer are wellestablished, the mechanisms through which oral cancer develops are still largely unknown, partly due to the lack of proper in vitro and in vivo models of human oral carcinogenesis. In fact, most studies of oral carcinogenesis in human cells in vitro are performed with human oral keratinocytes immortalized by HPV-16 DNA (7, 8) ; however, >60% of OSCCs are not related to HPV infection (3) . Cell lines that are representative of particular cancers make useful laboratory models to study genes and proteins implicated in the initiation and progression of cancers. Therefore, to study the multistep molecular events underlying human oral carcinogenesis, it is important to establish an in vitro multistep carcinogenesis model system using oral keratinocyte lines that are not infected with HPV.
Normal human cells will only grow for a limited number of generations in vitro before they undergo senescence, a state in which they remain metabolically active, but cease dividing (9) . Serial subculture of primary normal human oral keratinocytes (NHOKs), with a limited proliferation capacity in vitro (10, 11) , induces terminal differentiation and senescence concomitant with apoptosis (10) (11) (12) . Cells from normal tissues of rodent origin can become tumorigenic when transformed in vitro by various agents and can also undergo spontaneously tumorigenic conversion after variable periods in culture (13) . In contrast to rodent epidermal cells, human epidermal keratinocytes are rather resistant to transformation in vitro (14, 15) . The differences between human and rodent cells in their sensitivity to transforming agents in vitro have been attributed to several discriminating speciesrelated factors, such as natural life span, degree of inbreeding and genetic stability (16, 17) .
Since the incidence of tumorigenic transformation in different species appears to correlate with the frequency of spontaneous chromosomal aberrations, the low incidence of tumorigenic transformation of human cells in culture has been ascribed mainly to the higher stability of the human genome (16) . To date, transformation of human oral keratinocytes has only been achieved reproducibly by transfection with cloned HPV-16 and -18 DNAs (7, 18) and simian virus 40 DNA (19) , resulting in potentially immortalized but nontumorigenic cell lines. Also, the transfer of an exogenous hTERT cDNA, encoding the catalytic subunit of human telomerase, can prevent telomere shortening, overcome telomere-controlled senescence, and immortalize primary human cells, including mammary epithelial cells, keratinocytes, osteoblasts and fibroblasts (20) . Although spontaneous immortalization of human epidermal keratinocytes in vitro has only rarely been observed (21) (22) (23) , spontaneous immortalization and spontaneous tumorigenic transformation of human oral keratinocytes in vitro have not yet been reported.
In this study, we explored whether human oral keratinocytes can spontaneously transform without HPV infection in order to establish an in vitro multistep carcinogenesis model using HPV non-infected human oral keratinocyte lines. Further, we characterized the in vitro growth characteristics, epithelial originality, in vivo tumorigenicity, frequency of high-risk HPV infection, chromosomal composition, apoptotic ability and expression of apoptosis-related proteins.
Materials and methods
Primary cells and cell culture. Primary NHOKs were prepared and maintained as previously described (24) . Briefly, NHOKs were isolated from human gingival tissue specimens from patients undergoing surgery. Oral keratinocytes were isolated from separated epithelial tissue by trypsinization, and primary cultures were established in keratinocyte growth medium containing 0.15 mM calcium and a supplementary growth-factor bullet kit (KGM; Clonetics, San Diego, CA). Approximately 70% confluent primary human oral keratinocytes were plated at 1x10 5 cells per 60-mm petri dish, and cultured until they reached 70% confluence; they were then subcultured at every 70% confluence, until they reached the post-mitotic stage of proliferation. Spontaneously transformed cells and HOK-16B, human oral keratinocytes immortalized by transfection with cloned HPV-16 genome (7), were also cultured in KGM.
Population doubling time. Growth curves were plotted over a 6-day period. Cells were plated at 2x10 4 cells/9.5-cm 2 in a culture plate. Every 24 h, three replicative plates were trypsinized, and viable cells were counted with a hemocytometer. After establishing the growth curves, the population doubling (PD) times of the established cell lines were estimated from the exponential growth phase.
Immunoperoxidase staining for keratin. Monolayer cells grown on glass slides were fixed in ice-cold ethanol for 10 min, air dried and stored in a sealed box at -20˚C until used. Slides were rehydrated, treated with 3% hydrogen peroxide, and stained with pan-specific monoclonal mouse anti-keratin (AE1 & AE3; Dako Corp., Santa Barbara, CA) according to the manufacturer's recommendations. Keratin was detected using the peroxidase-anti-peroxidase method with aminoethyl-carbazole as the chromogen and Harris' hematoxylin as the counterstain. Monolayer cells were also stained with normal rabbit serum as negative controls.
Determination of HPV infection. The presence of high-risk HPV (type 16, 18 and 33) DNA was determined by using the Takara PCR human papillomavirus detection set (Takara, Otsu, Japan). The primers amplified the E6 gene of the three types of HPV. The viral gene was amplified with DNA isolated from cells using the conditions recommended by the manufacturer.
In vivo tumorigenicity test. The in vivo tumorigenicity of cells was assessed in nude mice. All experimental procedures were approved by the Experimental Animal Committee of Seoul National University. Monolayer cultures were trypsinized and resuspended in culture medium. We then injected 0.3 ml of phosphate-buffered saline containing 5x10 6 cells subcutaneously into athymic nude mice (BALB/cByJ-Hfh11 nu ; Orient BIO Inc., Seongnam, Korea). All mice received injections in the right flank and were monitored twice weekly for the appearance of tumors over a period of three months.
Cytogenetic analysis. Cells were treated with uridine (0.4 mM) and fluorodeoxyuridine (5 μM) for 16 h at 37˚C, followed by colcemid (10 μg/ml) for 5 h at 37˚C. The adherent cells were removed with a cell scraper and treated with hypotonic KCl (0.075 M) for 30 min followed by fixation in fresh methanol: glacial acetic acid (3:1, v/v) for 10 min at room temperature. Slides were stained by the trypsin-Giemsa technique, and at least 20 metaphases were evaluated for each cell line.
Cell cycle distribution analysis by flow cytometry. Cell cycle distributions were measured by fluorescence-activated cell sorting (FACS) analysis. Cells were plated at a density of 5x10 6 cells/100-mm dishes, adapted for 24 h, incubated with/without 25 μM cisplatin for 24 h at 37˚C, and detached by trypsinization. Cells were collected, washed once with PBS and fixed in 70% ethanol at -20˚C for at least 30 min. Cells were washed twice with PBS and incubated for 30 min at 37˚C in PBS containing 100 μg RNase A and 10 μg propidium iodide. DNA content and cell-cycle analysis were assessed using FACScalibur (BD Biosciences, San Jose, CA).
DNA sequencing analysis. Randomly primed cDNAs were reverse-transcribed from 5 μg of total RNA using Superscriptase (Gibco BRL, Grand Island, NY, USA) in 40 μl of mixture. cDNA mixture (2 μl) was used to amplify the p53 transcript (exon [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . After probing with each antibody, the membrane was subjected to immunoblot analysis using a specific antibody to ß-actin for determination of the total protein loaded per lane.
RT-PCR.
Involucrin mRNA levels were determined by reverse transcription-polymerase chain reaction (RT-PCR). Total RNA was reverse transcribed to cDNA, which was used for PCR amplification of involucrin (40 cycles) and GAPDH (30 cycles, denaturation at 95˚C for 20 sec, annealing at 60˚C for 10 sec, and extension at 70˚C for 10 sec). Involucrin primers were designed as follows: forward, 5'-GGCCACCCAAACATAA ATAACCAC-3'; reverse, 5'-CACCTAGCGGACCCGAAAT AAGT-3'. GAPDH primers for normalization of the expression level were also prepared: 5'-CCATCTTCCAGGAGCG AGATC-3' and 5'-GCCTTCTCCATGGTGGTGAA-3'. The PCR products were resolved on a 1.5% agarose gel, stained with ethidium bromide, and visualized using a UV illuminator.
Real-time RT-PCR.
Total RNA was prepared from the cells using TRI reagent (Molecular Research Center, Cincinnati, OH). The cDNA was prepared using SuperScript™ III reverse transcriptase (Invitrogen) and a random hexamer and then subjected to real-time PCR amplification using SYBRGreen PCR master mix (Takara). The reaction contained a 300 nM final concentration of each primer and cDNA, corresponding to 50 ng of total RNA. After incubation at 95˚C for 4 min, samples were subjected to 40 cycles of amplification at 95˚C for 15 sec followed by 60˚C for 20 sec and 72˚C for 31 sec. Each assay was normalized to HPRT1 mRNA. The normalized data were expressed as the fold increase against the mRNA level of NHOKs. The real-time PCR primers used were as follows: p53, 5'-CTTGCCGTCC CAAGCAAT-3' (sense) and 5'-TGGCATTCTGGGAGCTT CAT-3' (antisense); p21, 5'-CTGGAGACTCTCAGGGT CGAA-3' (sense) and 5'-GCGGATTAGGGCTTCCTCTT-3' (antisense); HPV-16 E6, 5'-TGCACAGAGCTGCAAACA ACT-3' (sense) and 5'-CCCGAAAAGCAAAGTCATATA CCT-3' (antisense); HPV-18 E6, 5'-TACCTGATCTGTGCA CGGAACT-3' (sense) and 5'-ACCGCAGGCACCTCTGT AAG-3' (antisense); HPRT1, 5'-GGTCAGGCAGTATAAT CCAAAGA-3' (sense) and 5'-GGGCATATCCTACAACA AACT-3' (antisense).
Statistical analysis.
All experiments were performed at least in triplicate. Data are expressed as mean ± SD. The statistical significance of results was analyzed with one-way ANOVA followed by Scheffe's adjustment or Student's t-test. Difference were considered significant at P<0.05.
Results
Two spontaneously transformed oral keratinocyte lines isolated from human gingival specimens. Oral keratinocytes from full thickness adult human gingival specimens were isolated by separation of the epidermis and dermis with trypsin at 37˚C and plated at high cell density. Since longterm growth in primary human oral keratinocytes was optimal in low Ca 2+ (0.2 mM), probably due to a marked reduction in terminal differentiation (7, 21) , primary cultures were established in KGM containing 0.15 mM calcium and a supplementary growth factor bullet kit. Primary cultures were then subcultured at every 70% confluence until they reached the post-mitotic stage of proliferation.
Primary NHOKs and lower passages of the cells displayed typical keratinocyte morphology and retained an undifferentiated phenotype with distinct intercellular spaces (Fig. 1Aa) . Serial subculture of primary NHOKs to the post-mitotic stage (passages 6-10 depending on donor age), however, induced terminal differentiation, with highly enlarged and elongated cell bodies and terminally differentiated cells rounded up and became detached from the culture dish in a time-dependent manner (data not shown). These results are consistent with those from our previous report (10) and indicate that subculture of primary NHOKs results in terminal differentiation, leading to cell death. In contrast, among >350 primary cultures, two individual cultures continued to proliferate beyond terminal differentiation, although most cells became detached from the culture dish. In these cases, male gingival specimens were obtained from the periphery of mandibular premolars. By passage 8, small keratinocytes appeared in the cultures and proliferated well, and no large, terminally differentiated keratinocytes were evident in these cells. The resulting population of small keratinocytes that survived this putative crisis period appeared morphologically uniform and produced colonies of keratinocytes exhibiting typical keratinocyte characteristics, including cell-cell adhesion (data not shown). The keratinocytes continued to proliferate and could subsequently be passaged by trypsinization (split ratio 1:2). Subculturing with routine methods (EDTA/trypsin) was successful; the cells were reattached after transfer to a new dish and grew, and cell density was not critical to maintenance of satisfactory proliferation. Keratinocyte growth was maintained through at least 140 passages, demonstrating the cells had achieved immortality. During propagation for >140 passages (undergoing at least 260 PDs), no obvious crises were noted. One resulting cell line was designated as Spi-HOK1 and the other as Spt-HOK80 to denote their origins from human adult oral keratinocytes.
Spontaneously immortalized Spi-HOK1 and spontaneously tumorigenic-transformed Spt-HOK80 lines display keratinocyte characteristics. Spi-HOK1 remained predominantly as a monolayer, but Spt-HOK80 cells grew stratiform. Both cell lines displayed squamous cell-shape morphology, although some cells were spindle-shaped or polyhedral (Fig. 1A) . The PD times of the Spi-HOK1 and Spt-HOK80 in KGM were approximately 30 and 29 h, respectively (Fig. 1B) , which is significantly shorter than that of HOK-16B (47 h). These cells also expressed keratin, the marker for epithelial cells, based on immunohistochemical analysis (Fig. 1C) . To further confirm that the transformed cells were epithelial cells, expression of involucrin, one of the molecular markers for keratinocyte differentiation (12) , was examined by RT-PCR analysis. Spi-HOK1 and Spt-HOK80 expressed involucrin mRNA, although the expression levels varied between the cell lines (Fig. 1D) . These results indicate that both Spi-HOK1 and Spt-HOK80 originated from epithelial cells.
Because the Spi-HOK1 and Spt-HOK80 cell lines are known to be immortalized, an in vivo tumorigenicity test was performed to test whether Spi-HOK1 and Spt-HOK80 are tumorigenic-transformed. An in vivo tumorigenicity test showed that neither NHOKs nor Spi-HOK1 (passage 40) produced tumors in nude mice within three months of injection (Fig. 2B) . Spt-HOK80 (passage 40) however, produced tumors in nude mice; 80% of nude mice injected with the Spt-HOK80 developed tumors at the injection site ( Fig. 2A and B) . Tumors began to appear four weeks after injection, followed by steady growth. Microscopically, the tumors exhibited a poorly differentiated squamous cell carcinoma histology (Fig. 2Ca) and infiltration into skeletal muscle tissue (Fig. 2Cb) . Fig. 2D shows the morphology of tumorigenic cells, Spt-HOK80-T, which were established from an original Spt-HOK80 tumor developing in a nude mouse, and the cells grew stratiform in both KGM (Fig. 2Da) and DMEM (Fig. 2Db) . The PD time of the Spt-HOK80-T in KGM was approximately 34 h, which is longer than that of the Spt-HOK80 (29 h). Similar to the Spt-HOK80 cells, the Spt-HOK80-T cells proliferated well in DMEM supplemented with 10% FBS, a medium that contains a physiological level of calcium (1.5 mM) and lesser amounts of growth factors compared to the KGM (Fig. 2Db) (Fig. 3A) . This agrees with results from our previous study showing that the HOK-16B line, an immortalized primary human oral keratinocytes by transfection with cloned HPV-16 DNA, contains ~25 copies of intact HPV-16 DNA as an integrated form per cell and expresses several viral RNAs (7). The Spi-HOK1 and Spt-HOK80 lines, however, proved to be free of HPV DNA (Fig. 3A) . Thus, to confirm that the spontaneously transformed cells are not infected with high-risk HPVs, we investigated whether high-risk HPVs are expressed in Spi-HOK1 and Spt-HOK80. Real-time RT-PCR analysis showed that the high-risk HPV (type 16 and 18) E6 genes were not expressed in the Spi-HOK1 and Spt-HOK80 cell lines (Fig. 3B) . Overexpression of p16
INK4A is highly correlated with the presence of HPV in cervical and in head and neck carcinomas (25) (26) (27) (28) and has been used as a surrogate marker for HPV (25) . Therefore, to diminish the possibility that other types of HPV could have infected spontaneously transformed oral keratinocytes, we further investigated the expression levels of p16 INK4A in the Spi-HOK1 and Spt-HOK80 cell lines using Western blot analysis. As expected, the HOK-16B cells, which contained HPV-16 DNA showed overexpression of p16 INK4A ; however, the expression levels of p16 INK4A in the Spi-HOK1 and Spt-HOK80 cell lines was notably lower than that of either NHOKs or HPV-16-immortalized HOK-16B cells (Fig. 3C) . Taken together, these results suggest that spontaneously transformed Spi-HOK1 and Spt-HOK80 lines are not associated with HPV infection and that spontaneous transformation of human oral keratinocytes can occur in vitro without HPV infection.
Spontaneously transformed Spi-HOK1 and Spt-HOK80 lines exhibit aneuploidy and structural aberrations.
Chromosomal analyses of Spi-HOK1 and Spt-HOK80 revealed human male karyotypes. Distinct numerical and structural karyotypic alterations were obvious (Fig. 4) . Spi-HOK1 had 57 chromosomes resulting from full or partial trisomies of chromosomes. One marker chromosome was present in 40% of the metaphases of Spi-HOK1 (Fig. 4A and Table I ). Additionally, structural aberrations were found in 100% of metaphases. Spt-HOK80 had an abnormal number of chromosomes ranging between 45 and 70 with random gains or losses of entire chromosomes or regions of the chromosomes (Fig. 4B and Table I ). The composite karyotype of each cell line is detailed in Table I .
Spontaneously transformed Spi-HOK1 and Spt-HOK80 lines display inactivation of p53 and overexpression of p-Rb.
Although the mechanism of spontaneous tumorigenicity of oral keratinocytes is unclear, substantial available evidence indicates that the inactivation of tumor suppressor genes underlies cancer development. Among these, mutations in p53 are the most common genetic alteration in a variety of human tumors including OSCCs and cell lines (29, 30) . Cells with inactivated p53 may gain a selective growth advantage, which may lead to tumor progression. In this study, Spi- 
----------------------------------------------------------------------------------------------------Cell line Karyotype -----------------------------------------------------------------------------------------------------Spi-HOK1
57,XXY,del(1)(p32),+i(1)(p10),+3,+5,+6,+i(7)(p10),der (8) ----------------------------------------------------------------------------------------------------HOK1 and Spt-HOK80 lines contained approximately 35-40 times higher levels of p53 protein compared to NHOKs when determined by Western blot analysis (Fig. 5A) . In contrast, the HOK-16B line had notably lower levels of the wild-type p53 protein, and its level was approximately one third of that found in NHOKs. This result is consistent with that of our previous reports (8, 31) . Most point mutations in p53 extend the half-life of the p53 protein, resulting in a higher level of p53 protein in cells (32) . Thus, the presence of mutations in p53 was examined by performing DNA sequencing of whole exons (exon 1-11) of the p53 gene in the NHOKs, HOK-16B, Spi-HOK1 and Spt-HOK80 cells. As expected, the spontaneously transformed Spi-HOK1 and Spt-HOK80 lines had a mutation in the p53 gene. These cell lines had a mutation of CGC to CTC (G➝T transversion) at codon 175 resulting in the substitution of arginine with leucine (Fig. 5B) . The sequences were confirmed using at least four independent clones. No p53 mutations were found in the amplified region of p53 cDNA originating from either the NHOKs or HOK-16B line (Fig. 5B) . The expression of p53 was further examined by real-time RT-PCR analysis, and the expression levels were maintained at low levels in the Spi-HOK1 and Spt-HOK80 lines compared to those of NHOKs and HOK-16B (Fig. 5C ). Since p21 WAF1/Cip1 can be directly regulated by p53 protein and can itself suppress tumor cell growth in culture (33), we analyzed the effect of p53 mutation on the expression of p21 WAF1/Cip1 by Western blot analysis. p21
protein was not detected in the Spi-HOK1 and Spt-HOK80 lines (Fig. 5A ). The expression of p21 WAF1/Cip1 was further examined by real-time RT-PCR analysis, and the expression levels were maintained at marginal levels in the Spi-HOK1 and Spt-HOK80 lines (Fig. 5C) , suggesting that the expression of p21 WAF1/Cip1 is regulated at the transcriptional level. Since Rb protein is a DNA-binding phosphoprotein that plays a key role in the regulation of cellular proliferation, we further investigated p-Rb levels from the NHOKs, HOK-16B, Spi-HOK1 and Spt-HOK80 cells. All cells expressed Rb, p-Rb-Ser780 and p-Rb-Ser807/811 proteins. In particular, the levels of p-Rb-Ser807/811 were steadily increased during the process of increased tumorigenicity of human oral keratinocytes. Similarly, the levels of Rb in Spi-HOK1 and Spt-HOK80 lines were markedly higher than that of NHOKs. In contrast, the levels of p-Rb-Ser780 were decreased during the process of increased tumorigenicity (Fig. 5A) . These results strongly suggest that inactivation of tumor suppressor p53 by point mutation and overexpression of p-Rb-Ser807/ 811 are associated with spontaneous tumorigenicity of human oral keratinocytes.
Spontaneously transformed Spi-HOK1 and Spt-HOK80 lines
show decreased sensitivity to cisplatin-induced apoptosis by suppressing induction of apoptotic proteins. As impaired apoptosis plays a central role in the pathogenesis of many diseases, including tumorigenesis (34), we investigated the apoptotic ability of cells. When NHOKs, Spi-HOK1 and Spt-HOK80 cells were cultured for 24 h in the presence of 25 μM cisplatin, cell death, which was analyzed by flow cytometry, was induced (Fig. 6A) . Cisplatin treatment in NHOKs, Spi-HOK1 and Spt-HOK80 cells induced a significant increase in the sub-G1 fraction, which is indicative of cell apoptosis; however, Spi-HOK1 and Spt-HOK80 cell lines showed significant suppression of cisplatin-induced apoptosis relative to NHOKs control (Fig. 6A ). This result demonstrates that spontaneously transformed human oral keratinocytes are resistant to cisplatin-induced apoptosis, with the p53 -/-cells being more resistant than p53 +/+ cells. An explanation of how spontaneously transformed human oral keratinocytes cause suppression of apoptosis was sought by evaluating the levels of apoptosis-related protein expression in NHOKs, Spi-HOK1 and Spt-HOK80 cells cultured for 24 h in the presence of 25 μM cisplatin. The level of Bax was notably increased in NHOKs exposed to cisplatin but such changes were not observed from the spontaneously transformed Spi-HOK1 and Spt-HOK80 cells in the same conditions (Fig. 6B) . Similarly, the levels of procaspase-9, procaspase-3 and PARP were considerably increased in NHOKs exposed to cisplatin (Fig. 6B) . Such changes, however, were not observed in Spi-HOK1 and Spt-HOK80 cells in the same conditions. The levels of procaspase-8 in NHOKs, Spi-HOK1 and Spt-HOK80 cells were retained the same in the absence and presence of cisplatin. Taken together, these results demonstrate that spontaneously transformed Spi-HOK1 and Spt-HOK80 lines are resistant to cisplatin-induced apoptosis by suppressing induction of apoptotic proteins, when compared to NHOKs under same conditions.
Discussion
Although spontaneous immortalization of human epidermal keratinocytes in vitro has been reported previously (21) (22) (23) , spontaneous immortalization and further spontaneous tumorigenic transformation of human oral keratinocytes in vitro has not yet been reported. The present study demonstrates the spontaneous immortalization and tumorigenic transformation of human oral keratinocytes from histologically normal adult gingivas. The Spi-HOK1 line is immortalized, but nontumorigenic in vivo; however, the Spt-HOK80 line is tumorigenic and invasive in vivo. The Spi-HOK1 line is clonal in origin as indicated by a specific and stable cytogenetic marker. This clearly demonstrates that spontaneous immortalization and tumorigenic transformation of human oral keratinocytes in vitro can occur, although cases have not been reported.
Etiological factors for oral cancers are well-established (2); however, a proper in vitro model for studying human oral carcinogenesis has not been previously established. Furthermore, despite advances in cancer diagnosis and treatment, there has been little improvement in the five-year survival rate of oral cancer patients over the last few decades. Epidemiological studies have shown that a significant percentage (~40%) of oral and head and neck cancers, as well as anogenital cancer lesions, contain high-risk HPVs (3). Therefore, most in vitro studies of human oral carcinogenesis have been performed with oral keratinocytes immortalized by HPV DNA (7, 8, 18) . More than 60% of oral cancers are not associated with HPV infection, however, establishment of a novel in vitro multistep model using human oral keratinocyte lines without HPV infection is needed for studying the mechanism of oral carcinogenesis and cancer biology. Carcinogenesis is a multistep process that includes initiation, promotion and progression, and it progresses with sequential escape from tumor-suppressive mechanisms, including senescence and crisis. In this study, we isolated and characterized both spontaneously immortalized and spontaneously tumorigenic-transformed human oral keratinocytes without HPV infection. Because it is thought that spontaneous transformation does not occur in human cells, it was critical to prove the identity of the transformed cells with the original donors. We confirmed the human origins of Spi-HOK1 and Spt-HOK80 lines by karyotyping and demonstrated that these cell lines both had human male karyotypes. Each of the transformed cell lines exhibited a specific abnormal karyotype. The cytogenetic data also documented individual marker chromosomes, which virtually excludes the possibility of cross-contamination. To confirm that the transformed cell lines are epithelial in origin, we examined the expression of cytokeratin and involucrin in both cell lines by immunoperoxidase staining and RT-PCR analysis, respectively, and the cell lines showed epithelial originality with positive results for the expression of both cytokeratin and involucrin.
The mechanism by which oral cancer develops, particularly spontaneous tumorigenicity, has remained largely unknown. The relatively low success rate for transformation of human cells in vitro has mainly been attributed to the higher genetic stability of human cells as compared with rodent cells (14, 16) . Elucidation of the mechanism that contributes to the induction of oral cancers without HPV infection is of major importance. Here, we found that spontaneously transformed Spi-HOK1 and Spt-HOK80 lines have numerical and structural chromosomal abnormalities and that they have gained and lost entire chromosomes or regions of chromosomes, which is a common characteristic of solid tumors (35) . These findings suggest that polyploidization is crucial for autonomous growth in vitro. This conclusion is partly supported by a previous report (21) , which explains that polyploidization, which further contributes to genomic imbalance and altered gene expression, may be crucial for the acquisition of autonomous growth in culture but is certainly not sufficient for malignant conversion. Because the p53-mediated cellular responses to stress include cell cycle arrest and apoptosis, and wild-type p53 has also been implicated in cellular senescence (22), we investigated the p53 status of the Spi-HOK1 and Spt-HOK80 lines. In this study, we demonstrated the absence of HPV infection, but the presence of a p53 mutation in the Spi-HOK1 and Spt-HOK80 lines. This finding suggests that a spontaneous transformation of human oral keratinocytes can occur without HPV infection and that the growth advantage of these lines had been provided by the inactivation of p53. As the p53 and Rb pathways are central in the control of cellular proliferation and senescence, it is not surprising that alterations within these pathways are frequently detected in cancers and transformed cell lines. In fact, mutations in the p53 gene are the most common genetic alteration in a variety of human tumors, including OSCCs and cell lines (29, 32) . Among these mutations, the missense mutation at codon 175 (CGC to CTC) has been reported in various human cancers, including lung, breast, colon, esophagus and liver (p53 mutation data base; p53.genome.ad.jp). The p53 gene contains a strong transcriptional activation sequence, and p53-induced genes mediate the biological effects of p53 as a tumor suppressor (36) . A 21 kDa tumor suppressor protein, p21 WAF1/Cip1 is the product of one of the p53-induced genes. Moreover, p21 WAF1/Cip1 is a potent inhibitor of cyclindependent kinases, which can suppress tumor cell growth (33, 37) . In this study, we revealed silencing of p21 WAF1/Cip1 expression in the Spi-HOK1 and Spt-HOK80 cells, which have a missense mutation at codon 175 of p53. Furthermore, both cell lines showed increased expression of p-Rb proteins. In particular, the levels of p-Rb-Ser807/811 were steadily increased during the process of increased tumorigenicity of human oral keratinocytes. Phosphorylation of Rb has been known to prevent its association with E2Fs, thereby permitting E2Fs to activate transcription of genes required for cell proliferation. This suggests that increased level of pRb-Ser807/811 might be involved in spontaneous tumorigenicity of human oral keratinocytes.
The relationship between spontaneous tumorigenicity of human oral keratinocytes and impaired apoptosis of the cells has not been reported. Currently, one mechanism of action for tumorigenicity is inhibition of apoptosis. Apoptosis is critical for maintaining tissue homeostasis, and impaired apoptosis is now recognized to be a key step in tumorigenesis (34) . Here we found that spontaneously transformed Spi-HOK1 and Spt-HOK80 lines are resistant to cisplatininduced apoptosis by suppressing induction of apoptotic proteins, when compared to NHOKs. Whether a cell should live or die is largely determined by the Bcl-2 family of antiand proapoptotic regulators (34) . The upregulation of Bcl-2 protects cells from apoptosis, whereas cells with increased Bax expression undergo apoptosis by suppressing Bcl-2 activity (38) . In this study, increased Bax expression was observed in NHOKs, with the p53 +/+ cells, exposed to cisplatin; however, such changes were not observed from the spontaneously transformed Spi-HOK1 and Spt-HOK80 cells, with the p53 -/-cells. The expression of Bax is regulated by the tumor suppressor p53 and has been shown to be involved in p53-mediated apoptosis. Cytochrome c is involved in chemically-induced apoptotic signaling, which results in the activation of caspases, including caspase-3, leading to PARP degradation (39) . In this study, the levels of procaspase-9, procaspase-3 and apoptosis-linked protease PARP in NHOKs exposed to cisplatin was increased, but not in Spi-HOK1 and Spt-HOK80 cells in the same conditions, suggesting that spontaneously transformed Spi-HOK1 and Spt-HOK80 lines were resistant to cisplatin-induced apoptosis by suppressing induction of apoptotic proteins.
In summary, our results constitute the first report to demonstrate that Spi-HOK1 and Spt-HOK80 are novel cell lines that are spontaneously immortalized and tumorigenictransformed from human oral keratinocytes without HPV infection, respectively. Thus, these spontaneously transformed cell lines may be useful in various experimental models for investigation of in vitro multistep oral carcinogenesis and oral biology.
